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1. Introduction

At the RAN4 meeting in Gothenburg (RAN4#88) several contributions related to required MU evaluation needed to conclude the work associated to co-location requirements was submitted [1 to 14].
In this contribution all information was considered and merged together produced a harmonized MU evaluation that can be used for all co-location requirements. At the end of the contribution a way-forward with guidance for this meeting and next meeting is captured. 
Revised version of R4-1811651.
2. Background
In [1, 2, 3 ,4] proposals on MU evaluation for co-location requirements have been proposed. Currently, the description and background behind each requirement is not harmonized between different proposals. As an example, MU values for OTA transmitter intermodulation varies within an interval of 1.34 dB to 3.94 dB. Similar differences also exist for other co-location requirements. 
Currently, the proposed MU evaluations are based on different number and different types of error sources. Before concluding MU values for co-location requirements, the error source should be harmonized and aligned. 
Fundamentally co-location requirements can be divided into two categories; 

1. Interferer Injection: OTA transmitter intermodulation and OTA co-location out-of-band blocking

2. Emission Measurements: OTA co-location spurious emission and OTA TDD OFF power

Based on input from [1 to 14]and on-line and off-line discussions, the following aspects required further consideration:
1. Use one MU list with error sources for measurement and calibration (The same concept used for EIRP and EIS in Rel-13)
2. Find common view on error sources associated to the CLTA placement and selection
3. Define common error sources for conducted error sources associate to the calibration phase.

4. Find common view on error sources distribution and  values

5. Derive MU tables for the two cases (Interferer injection and emission measurement)
6. Add descriptive text in TR and TS how parameters describing the CLTA is associated to the CLTA MU values.

7. Based on above apply MU evolution for all co-location requirements. 

Interferer Injection

A calibration is conducted to secure sufficient measurement uncertainty of the conducted power fed to the CLTA. 
The measurement uncertainty related to injecting the interferer signal is captured by two main contribution related to the placement of the CLTA and for the selection of the CLTA. The MU related to the placement of the CLTA is described in 37.145-2, sub-clause 4.15.2.3.  The aspects related to selection of CLTA is capture in sub-clause 4.15.2.2. 
Table 2-1: Expanded MU for CLTA interferer injection  
	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]

4.2 GHz < f ≦ 6 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]

4.2 GHz < f ≦ 6 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA (Note)
	1.5
	1.5
	1.5
	Rectangular
	√3
	1
	0.87
	0.87
	0.87

	
	Uncertainty related to the placement of the CLTA (Note)
	1.7
	1.7
	1.7
	Rectangular
	√3
	1
	0.98
	0.98
	0.98

	
	Impedance mismatch between feeder cable and CLTA
	0.14
	0.23
	0.25
	U-Shaped
	√2
	1
	0.10
	0.16
	0.18

	9
	Random uncertainty
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	
	Reflections in anechoic chamber
	0.01
	0.01
	0.01
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	Stage 1: Calibration measurement

	7
	Conducted measurement uncertainty
	1.0
	1.1
	1.2
	Gaussian
	1
	1
	1.00
	1.10
	1.20


	Combined standard uncertainty (1σ) [dB]
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	1.65
	1.72
	1.79

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]


[image: image2.wmf]c

e

u

u

96

.

1

=


	3.23
	3.37
	3.51

	NOTE: It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 


Emission Measurement

A calibration is conducted to secure sufficient measurement uncertainty of the conducted transmission line between the CLTA and the measurement receiver.

The measurement uncertainty related to measuring emission is captured by two main contribution related to the CLTA selection and placement and error sources related to the ability of the measurement receiver to detect emission. The MU related to the placement of the CLTA is described in 37.145-2, sub-clause 4.15.2.3.  The aspects related to selection of CLTA is capture in sub-clause 4.15.2.2. 

Table 2-2: Expanded MU for OTA co-location spurious emission 
	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]

4.2 GHz < f ≦ 6 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]

4.2 GHz < f ≦ 6 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA (Note)
	1.50
	1.50
	1.50
	Rectangular
	√3
	1
	0.87
	0.87
	0.87

	
	Uncertainty related to the placement of the CLTA (Note)
	1.70
	1.70
	1.70
	Rectangular
	√3
	1
	0.98
	0.98
	0.98

	2
	Uncertainty related to measuring close to noise floor
	0.68
	0.68
	0.68
	Gaussian
	1
	1
	0.68
	0.68
	0.68

	
	Impedance mismatch between feeder cable and CLTA
	0.14
	0.23
	0.25
	U-Shaped
	√2
	1
	0.10
	0.16
	0.18

	
	Gain variations in LNA
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	9
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	
	Measurement receiver accuracy
	0.41
	0.74
	0.80
	Gaussian
	1
	1
	0.41
	0.74
	0.80

	
	Reflections in anechoic chamber
	0.01
	0.01
	0.01
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	
	Gain variations in measurement amplifier
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	Stage 1: Calibration measurement

	7
	Noise figure measurement accuracy
	0.2
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20



	Combined standard uncertainty (1σ) [dB]
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	1.56
	1.68
	1.71

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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	3.10
	3.29
	3.35

	NOTE: It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 


Table 2-3: Expanded MU for OTA TDD OFF power 
	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]

4.2 GHz < f ≦ 6 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]

4.2 GHz < f ≦ 6 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA (Note)
	1.50
	1.50
	1.50
	Rectangular
	√3
	1
	0.87
	0.87
	0.87

	
	Uncertainty related to the placement of the CLTA (Note)
	1.70
	1.70
	1.70
	Rectangular
	√3
	1
	0.98
	0.98
	0.98

	2
	Uncertainty related to measuring close to noise floor
	1.00
	1.00
	1.00
	Gaussian
	1
	1
	1.00
	1.00
	1.00

	
	Impedance mismatch between feeder cable and CLTA
	0.14
	0.23
	0.25
	U-Shaped
	√2
	1
	0.10
	0.16
	0.18

	
	Gain variations in LNA
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	9
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	
	Measurement receiver accuracy
	0.41
	0.74
	0.80
	Gaussian
	1
	1
	0.41
	0.74
	0.80

	
	Reflections in anechoic chamber
	0.01
	0.01
	0.01
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	
	Gain variations in measurement amplifier
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	Stage 1: Calibration measurement

	7
	Noise figure measurement accuracy
	0.2
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20



	Combined standard uncertainty (1σ) [dB]
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	1.72
	1.83
	1.86

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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	3.36
	3.58
	3.64

	NOTE: It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 


3. Way-Forward
Based on submitted contribution on-line and off-line discussion the following way-forward was created to facilitate progress during this and coming meetings;
1. Adopt the MU evaluation captured in Table 2-1 for interferer signals to be used for OTA transmitter intermodulation and OTA co-location receiver blocking.
2. Adopt the MU evolution captured in Table 2-2 for OTA co-location spurious emission and OTA protection of own receiver. 
3. Adopt the MU evolution captured in Table 2-3 for OTA TDD OFF power level, 
4. Based on MU evaluation in Table 2-1, set TT=0 for OTA transmitter intermodulation.
5. Based on MU evaluation in Table 2-1, set TT=0 for OTA co-location blocking.

6. Based on MU evaluation in Table 2-2 and Table 2-3, set TT=MU for OTA co-location spurious emission and OTA TDD OFF power.
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